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Summary  Fruit  ripening  occurs  with  loss  of  fruit  ﬁrmness  and  progressive  degradation  of
the middle  lamella  and  primary  cell  wall.  The  fruits  of  Trewia  nudiﬂora  Linn.  were  collected
at different  stages  of  fruit  ripening  and  changes  in  physicochemical  properties  were  deter-polysaccharides;
Fruit  ripening
mined. With  ripening  from  immature  green  to  fully  ripe  fruits,  there  was  increase  in  fruit  index
with textural  softening,  loss  of  fruit  ﬁrmness,  decrease  in  cell  wall  polysaccharides  as  acetone
insoluble solids  and  decrease  in  galacturonic  acid.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ipening  is  a  process  in  fruits  that  makes  them  more  palat-
ble  and  softer.  Fruit  ripening  is  associated  with  textural
odiﬁcations,  which  is  the  major  event  in  fruit  softening.
enerally,  fruit  ripening  is  believed  to  be  modiﬁcation  of
ectin  and  hemicellulose  in  cell  wall.  Increased  solubili-
ation  of  the  pectic  substances  with  progressive  loss  of  tissue
rmness  accompany  fruit  ripening.
Trewia  nudiﬂora  Linn.  is  a  tropical  plant  mainly  dis-
ributed  in  India,  Malaysia  and  South  China  (Dinerstein  and
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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icenses/by-nc-nd/4.0/).emmer,  1988).  The  hard  green  fruit  of  T.  nudiﬂora  fall
o  the  ground  in  large  numbers  during  the  monsoon  season
June  to  July).  Experiments  with  T.  nudiﬂora  fruit  was  con-
ucted  at  various  stages  of  ripening  from  unripe  to  fully  ripe
tage.  The  fruits  of  T.  nudiﬂora  were  collected  at  differ-
nt  stages  of  fruit  ripening  and  changes  in  physicochemical
roperties  were  determined.
aterial and methods
lant  material
he  fruits  of  T.  nudiﬂora  Linn.  were  collected  at  various
tages  of  ripening  from  unripe  to  fully  ripe  stage  from  Forest
esearch  Institute  Dehradun,  Uttarakhand  State,  India  in  the
onth  of  May—July,  washed  and  stored  at  −20 ◦C  tempera-
ure  until  used.  The  ripening  of  fruits  were  post  climacteric
icle under the CC BY-NC-ND license (http://creativecommons.org/
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).Slide  1  Fruits  of  Trewia  nudiﬂora  showing  different  stages  of
fruit ripening.
and  ripening  as  judged  by  colour  development,  size  and  tex-
ture.  Following  four  stages  were  chosen  at  various  stages  of
fruit  ripening  (Slide  1):
Stage-I.  Immature  Green
Stage-II.  Mature  Green
tage-III.  Colour  Initiation,  Yellowish  Green
Stage-IV.  Fully  Ripe-Reddish  Yellow
Texture  measurement
Texture  measurements  were  conducted  using  Texture  ana-
lyzer  (Llyod  Universal  Texture  Measurement  Instrument)
and  properties  evaluated  by  three  parameters,  namely
penetration,  piercing  and  compression.  The  loss  in  ﬁrm-
ness  was  expressed  as  force  (in  Newtons)  required  by  the
probe  for  penetration,  piercing  and  compression  (Ahmed
and  Dennison,  1971;  Barrett  et  al.,  1998).
Preparation  of  acetone-insoluble  solids  (AIS)
The  AIS  was  prepared  from  fruits  of  T.  nudiﬂora  as  per
method  reported  by  Muda  et  al.  (1995).
Deactivation  of  endogenous  cell  wall  degrading
enzyme activity
Deactivation  of  cell  wall  enzyme  activity  carried  as  per
method  of  Seymour  et  al.  (1987).
Acid  hydrolysis  of  polysaccharide
2  ml  of  conc.  Sulphuric  acid  (12  M)  was  added  to  0.05  g
(50  mg)  of  sample  and  immediately  vortex.  Then,  the  dig-
ital  water  bath  was  set  at  35 ◦C,  left  the  samples  on  water
bath  at  35 ◦C  for  1  h  and  vortex  mixed  occasionally,  trans-
ferred  the  samples  into  capped  sample  bottles  (30  ml)  and
then  mixed,  22  ml  distilled  water  into  capped  sample  bottles
and  shake  well.  Then,  set  the  digital  water  bath  at  100 ◦C,
placed  the  capped  sample  bottles  on  water  bath  at  100 ◦C
for  2  h  to  complete  the  hydrolysis.Determination  of  galacturonic  acid
D (+)  galacturonic  acid  was  estimated  as  per  method
reported  by  Blumenkrantz  and  Asboe-Hansen  (1973). T
ab
le
 
1 
Sa
m
pl
e 
AI
S  
I
AI
S 
II
AI
S 
III
 
AI
S  
IV
 
Ar
a,
 
Ar
ab
AI
S 
I,
 
II,
 
II
a
Ex
pr
es
b
Ex
pr
es
c
Ex
pr
es
5D
P
M
P
A
b
R
P
T
f
o
F
T
c
m
s
r
F
D
t
c
n
o
s
r
f
t
4
s
w
r
I
n
e
r
(
e
C
C
S
f
r
b
T
u
T
f
d
r
u
(
t
t
c
m
p
f
f
f
f
1
1
o
1
(
u
C
T
o
t
g
l
w
b
f
C
T
R
A
B
B
D
M
R
Seymour, G.B., Harding, S.E., Taylor, A.J., Hobson, G.E., Tucker,98  
etermination  of  protein  content
rotein  content  was  determined  by  the  standard  Kjeldahl
ethod  (AACC  1990).
reparation  of  alditol  acetate
lditol  acetate  of  sugars  estimated  as  per  method  reported
y  Redgwell  et  al.  (1992).
esults and discussion
henology
he  plants  of  T.  nudiﬂora  are  unisexual  i.e.,  the  male  and
emale  plants  are  separate.  The  development  and  ripening
f  the  fruits  was  observed  during  April  to  July.
ruit  index
he  fruit  index  (weight  of  100  fruits)  with  ripening  signiﬁ-
antly  increased  from  immature  green  fruits  (1570  ±  65  g)  to
ature  green  fruits  (2643  ±  82  g)  and  thereafter  it  increased
teadily  from  colour  initiation  stage  (2856  ±  56  g)  to  fully
ipe  stage  (3179  ±  78  g)  (Slide  1).
ruit  texture
uring  ripening  fruits  texture  and  ﬁrmness  plays  an  impor-
ant  role  as  organoleptic  characteristics  of  fruits.  The  major
hange  in  T.  nudiﬂora  fruits  during  ripening  is  loss  of  ﬁrm-
ess.  The  texture  analysis  on  T.  nudiﬂora  fruit  was  carried
ut  through  penetration,  piercing  and  compression  (on  tis-
ue  blocks),  indicated  progressive  decrease  in  the  force
equirements  at  different  four  stages  during  ripening.  The
orce  required  for  the  penetration  of  6  mm  probe  into
he  T.  nudiﬂora  fruit,  decreased  from  220  N,  at  stage-I  to
0  N  at  stage-IV,  with  drastic  decrease  occurring  between
tage-III  to  IV  (150—40  N).  Similar  results  were  obtained
ith  compression  analysis  on  tissue  blocks,  where  the  force
equirement  decreased  from  260  to  160  N  (from  stage  I  to
II),  which  further  dropped  to  30  N,  at  stage-IV.  Same  was
oticed  in  the  force  requirement  for  ‘piercing’.  Thus,  the
nergy  requirement  sharply  decreased  in  later  stages  of
ipening  (i.e.,  from  stage-III  to  IV)  than  the  earlier  stages
stage-I  and  II),  showing  a  more  pronounced  degree  of  soft-
ning  at  the  end  of  ripening.
hanges  in  cell  wall  polysaccharides
ell  wall  preparations  in  the  form  of  Acetone  Insoluble
olids  (AIS)  were  prepared  from  T.  nudiﬂora  unripe  to
ully  ripe  fruit  pulp,  composition  analysis  of  monosaccha-
ides  in  qualitative  and  quantities  terms,  were  estimated
y  GC  after  converting  the  sugars  into  volatile  derivatives.
he  AIS  yield,  carbohydrate  content,  sugar  composition,
ronic  acid  and  protein  content  are  depicted  in  Table  1).
he  AIS  yield  decreased  from  9.2  ±  0.76%  to  4.1  ±  0.29%
resh  weight  (FW)  from  unripe  to  ripe  stage,  indicatingK.  Ghai  et  al.
epolymerization  of  acetone-insoluble  polymers  during
ipening.  The  carbohydrate  content  in  AIS  decreased  from
nripe  and  ripe  fruits  from  37.38  ±  3.45%  to  23.83  ±  2.95%
w/w).  Protein  content  in  AIS  increased  from  15.17  ±  1.37%
o  24.84  ±  2.34%  (w/w)  for  unripe  and  ripe  fruits.  AIS  frac-
ions  from  the  fruits  of  T.  nudiﬂora  at  four  stages  of  ripening
ontained  arabinose,  xylose,  galactose  and  glucose  as  the
ajor  neutral  sugars.  Rhamnose,  mannose  and  fucose  were
resent  in  relatively  small  amounts.  Arabinose  decreased
rom  18.23  ±  1.56%  to  16.21  ±  1.21%,  glucose  increased
rom  9.54  ±  0.92%  to  16.78  ±  1.54%,  galactose  decreased
rom  23.26  ±  2.12%  to  18.84  ±  1.56%,  mannose  increased
rom  4.58  ±  0.32%  to  8.17  ±  0.61%,  fucose  increased  from
.63  ±  0.15%  to  2.35  ±  0.19%  and  rhamnose  increased  from
.09  ±  0.12%  to  2.03  ±  0.20%  during  ripening.  The  amount
f  xylose  ﬁrst  increased  from  16.36  ±  1.35%  (AIS  I)  to
7.58  ±  1.12%  (AIS  III)  and  then  decreased  to  16.53  ±  1.54%
AIS  IV).  The  amount  of  galacturonic  acid  decreased  from  the
nripe  to  ripe  stage  from  25.31  ±  2.51%  to  19.09  ±  1.58%.
onclusion
he  fruits  of  T.  nudiﬂora  were  collected  at  different  stages
f  fruit  ripening  and  changes  in  physicochemical  proper-
ies  were  determined.  Fruit  index  increased  from  immature
reen  fruits  to  fully  ripe  fruits  with  textural  softening  and
oss  of  fruit  ﬁrmness  during  ripening.  During  ripening,  there
as  decrease  in  cell  wall  polysaccharides  as  acetone  insolu-
le  solids.  The  amount  of  galacturonic  acid  in  AIS  decreased
rom  the  unripe  to  ripe  stage.
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